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Summary of the Investigation and Results

In response to outburst alerts from the RXTE All Sky

Monitor, we conducted a series of pointed RXTE observations

of the BL Lac object Mkn 421. The observations constitute ii

groups of exposures occurring between 1998 Feb 26 and 1998 July 25.

These data sample a wide range in source brightness,

ranging from 2.4 to 32 mCrab (i.0 mCrab = 2.4e-Ii erg/s/cm^2 at 2-10 keY).

On June 3-4, we witnessed the decay of a particularly intense flare,

as the flux dropped from 32 to 16 mCrab in a 4.0 hr period.

The data were combined with contemporaneous

observations by other X-ray observers, and with observations

at TeV frequencies from ground-based Cerenkov telescopes,

and the results were published by Takahashi et al (2000).

Publication Abstract:

We conducted a multifrequency campaign for the TeV blazar Markarian

421 in 1998 April. The campaign started from a pronounced

high-amplitude flare recorded by BeppoSAX and Whipple; the ASCA

observation started 3 days later. In the X-ray data, we detected

multiple flares, occurring on timescales of about 1 day. ASCA data

clearly reveal spectral variability. The comparison of the data from

ASCA, the Extreme Ultraviolet Explorer, and the Rossi X-Ray Timing

Explorer indicates that the variability amplitudes in the low-energy

synchrotron component are larger at higher photon energies. In TeV

and gamma-rays, large intraday variations-which were correlated with the

X-ray flux-were observed when results from three Cerenkov telescopes

were combined. The rms variability of TeV and gamma-rays was similar to

that observed in hard X-rays, above i0 keV. The X-ray light curve

reveals flares that are almost symmetric for most cases, implying that

the dominant timescale is the light crossing time through the emitting

region. The structure function analysis based on the continuous X-ray

light curve of 7 days indicates that the characteristic timescale is

-0.5 days. The analysis of ASCA light curves in various energy bands

appears to show both soft (positive) and hard (negative) lags. These



maynot be real, as systematic effects could also produce these lags,
which are all muchsmaller than an orbit. If the lags of both signs
are real, these imply that the particle acceleration and X-ray cooling

timescales are similar.
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Figure i:

The X-ray light curve (2-10 KeV) of Mkn 421 from RXTE

Program 30269, which covered the time interval 1998 Feb. to Aug.

The data from the RXTE ASM are displayed with "x" symbols,

and the pointed objervations with the RXTE PCA instrument

are show as filled triangles. The PCA results confirm the substantial

(factor of 2) variations that may occur on time scales less than 1 day.

Figure 2:

Profile of the 8th observation (see Fig. i), in which

the decay of a large X-ray flare was observed. The intensity

decreased from 80 to 40 PCU c/s (or 32 to 16 mCrab)

over a time interval of 4 hours. The X-ray hardness ratio,

shown in the lower panel, indicates that there

was only a slight "softening" of the X-ray spectrum

during this event.



rO

0'3

,Eq
E--,
X

• o

0_

PCA c/s/PCU (2-25 keV)

-"--I

0
0 0

u'9

1 T--m--r r [ T 1 1 T_

I
t )_ I

'_1 ,9,411 :..

I _c IiiI ;_ _ I

_ '_!__,_" "

• "" I I I _cI I
I

;_ F , x I

:

II I

II X . ,I

;_ I ; X I

, _

0

b--------

0
0
0

0
hO

LD '_

0
0
Ob
0
U'9

(Ae)I EI-E) s/o IRSV



MKN 421 RXTE PCA

100 , , , i , , , , I , , , , I , , , , I , , ' ' I '

8O

(D

n_ 60

0

< 40
r,D

20

0 i i i I i i i i I i i I I I I I I f I I I t I I I

3.9 3.95 4 4.05 4.1

>
0.9

I

c_ 0.8

cO

i 0.7
LO

n_

0.6

oo D

o oo

_ oO_ o_
o a

° o_

o

eo%% °_o°° o Oo o o

°
° °o

t i I I t i , i I i I I I I I I , I I I _ I I I I

3.9 3.95 4 4.05 4.1

Days (UT) of June, 1998


